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f0 f- f+
t 0.7 0.3 sup

tbar 0.7 sup 0.3

MySummary
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IF

• it were V+A, f+=0.3

• V+A small component is there,  f+ is 
enhanced : expect V+A<few percent at least
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mb/MW

→ 0

at tree level

http://arxiv.org/abs/hep-ph/0008189
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http://arxiv.org/abs/hep-ph/9707321
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LONG/LH=Mt2/2MW2

http://arxiv.org/abs/hep-ph/9707321
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Formulas for ME with Spin and  Helicities

t1=(m, ms/2) t2=(m,-ms/2)

So if top has spin up along s

EXAMPLE of Calculation

1.2 Top Decays

Various aspects of top decays have been scrutinized in the literature. The large top decay
rate predicted in the SM governs top quark physics. Radiative correctons from QCD
and electroweak interactions have been calculated for the decay rate and for differential
distributions of the decay products. Non-standard top decays are predicted in SUSY
extensions of the SM, with t → Hb and t → t̃γ̃ as most promising and characteristic
signatures. Born predictions and radiative corrections (at least in part) have been worked
out also for these decay modes. Beyond that a number of even more exotic decay modes,
in particular FCNC decays, have been suggested.

1.2.1 Qualitative aspects – Born approximation

The decay of the top quark into b + W is governed by the following amplitude

M(t → bW ) =
ig√
2
b̄ # εW 1 − γ5

2
t (1.53)

Adopting the high energy limit (m2
t > M2

W ) for the polarisation vector εL of the longitu-
dinal W (corresponding to helicity hW = 0)

εW
L =





pW
3

0
0

pW
0


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1

MW
=





pW
0

0
0

pW
3




1

MW
+ O(MW /mt) (1.54)

the amplitude is dominated by contribution from longitudinal W ’s

ML =
ig√
2
b̄ # εW

L

1 − γ5

2
t ≈

ig√
2

mt

MW
b̄
1 + γ5

2
t

= i
√

2
mt

v
b̄(1 + γ5)t (1.55)

This part is thus proportional to the Yukawa coupling

gY =
√

2
mt

v
(1.56)

with a rate growing proportional m3
t . In contrast, the amplitude for the decay into

transverse W ’s, is obtained with the polarisation vectors

ε±T =
1√
2





0
1
±i
0



 (1.57)

and remains constant in the high mass limit. The rate is governed by the gauge coupling
g and increases only linearly with mt. The longitudinal or transversal W is produced in
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=mEl(1+costheta)

if El~pl
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Helicity

W
b top

u/nu

d/l
Theta

RH W 
top

LH W 

leplep

ALL IN THE W rest frame

Long W 
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Charged lepton spectrum

• LH W  implies anti parallel lepton: softer spectrum 

• RH W implies parallel lepton: harder spectrum

• Long W: in between

W+
nu lep 

If W is LH:OK 

nu from W+ is LH lep from W+ is RH

BOOST direction = momentum of W
If W is RH: ANG MOM IS NOT CONSERVED 

Have Lep 
anti parallel 

to boost
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Mlb

• To derive start from the definition, expand 
and use Mlepton ~0 + plepton=-pneutrino
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Matrix element
PDF for MtarXiv:hep-ex/0406031
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ME (cont)

• LKL(Mtop )=Sum_i LKL_i(Mtop ,event_i prop)

• minimize -LKL as a function of Mtop

13



F Spanò francesco.spano@cern.chJournal club discussion 22nd April 09

What to measure
• Helicity angle

- Direct, need reconstruction of top  and W momenta. 
limited by ET resolution

• Charged lepton spectrum

- need to have separation

• Mass of lepton and b -jet system (Mlb)

- uses only lab four momenta, no need for top reco, 
need b-tag

• Matrix element

- use all kine info
14
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PTlepton and Mlb

• PTlepton : use l+jets  and di-lep

•  Mlb  :use only l+jets  kine-fit

• Fit f0 (f+)  while fixing f+(f0)  to cos(theta)* 
templates with sig+bkg

CDF with 0.2 fb-1

Stat dominated, main sys=JES,bkg (shape and 
norm), MS stat

CDF with 0.7 fb-1
• kine-fit

• Fit f0 (f+)  while fixing f+(f0)  to costheta* 
templates with sig+bkg

15
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ME method

• Both D0 and CDF: l+jets + btag (D0 adds 
unatgged). D0 uses 0.1 fb-1, CDF 19, fb-1

• F+ is fixed to SM, get f0 from LKL fit

• D0 is dominated by mtop

• CDF by MC stat

no simultaneous measurement

16
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http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/TOP/T69/T69.pdf

perform LKL 
fit
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compare with page  105

discussed in par 6.3
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reported at page 106
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B(t →Wb)/B(t→Wq)
• D0 in l+jets

• Standard sel, b-tag

• Combined fit for R and xsec

Ni is obtained by a set of equation
taking efficiencies into account

http://arxiv.org/pdf/hep-ex/0012029
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If we really want to know...
http://arxiv.org/pdf/hep-ex/0012029

Here it is
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FCNC
! No Flavor Changing Neutral Currents (FCNC) at tree level in  SM.

! Search in the Z+4 jets channel. Event reconstruction 

Beyond SM models predict branching ratios up to O(10–4)…

"SUSY, extra quark singlets , extra Higgs doublets (see hep-ph 0409342)
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! Full reconstruction !2:

" Good discriminant power

! Results: Signal and control regions

" Signal: passing kinematic cuts 

! Separate tagged from anti-tagged 

" Control: failing kinematic cuts

World’s best limit. Improved previous limit (13.7% @ L3) by a factor of 3.5

B(t#Zq) < 3.7% @ 95% C.L.

!"#$%&'()&*++, -./$"#01&23456/&7 !1#/180&9:;&7 <"&=%3/>5

FCNC

They 
discriminate 
with mass 

chisq

23
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FCNC

5

mass resolution).

All leptons used in this analysis are required to be well
isolated in a cone of ∆R =

√

(∆η)2 + (∆φ)2 < 0.4 [8]
and to have transverse energies ET (momenta pT ) greater
than 20 GeV (20 GeV/c). Electrons are identified by re-
quiring an energy cluster in the EM calorimeter with a
single track pointing to it. Central electrons are required
to have a high quality COT-based track, calorimeter clus-
ter ET consistent with the track pT , a high fraction of
the total energy deposition in the EM calorimeter, and
a lateral shower profile consistent with electron show-
ers. Forward electrons are reconstructed in the end-plug
calorimeter and have similar constraints except that the
tracks are reconstructed only in the silicon detector and
the calorimeter cluster ET and track pT are not com-
pared. Muons are identified by matching tracks recon-
structed in the COT to track segments reconstructed
in the muon chambers and by requiring energy deposi-
tions in the calorimeters consistent with minimum ion-
izing particles. The muons in this analysis are required
to be in the central region (|η| < 1.0). We double the
acceptance for leptonic Z decays by allowing one of the
two lepton candidates to satisfy weaker selection criteria,
requiring only an isolated track which passes COT and
silicon detector track quality cuts. For tracks used as
electrons, if an EM calorimeter tower is associated to the
track and the energy of the EM tower is greater than the
track momentum, the EM tower energy is used instead
of the track momentum.

Jets are identified by energy deposited in the calorime-
ters within a cone of ∆R < 0.4. To improve the parton
energy estimate, jets are corrected for instrumental ef-
fects [13]. We select events with at least four jets with
corrected ET > 15 GeV and |η| < 2.4.

We separate the FCNC signal from the MC back-
ground with the help of further selection criteria in ad-
dition to the above base selection that will form the op-
timized selection, a mass χ2, the transverse mass of the
system, and the ET of the four leading (highest ET ) jets.

The decay tt̄ → Wb Zq → qq̄′b $$q′′ contains no high-
energy neutrinos; therefore we can fully reconstruct the
event kinematics. The four jets in signal events result
from the b quark and the decay products of the W in
the t → Wb decay, and the c or u quark from the t → Zq
decay. We form all permutations of the four leading jets
in the events to compare the reconstructed masses (mrec)
of the W , top quark decaying to Wb, and top quark
decaying to Zq. We define a mass χ2 as

χ2 =

(

mW,rec − mW

σW

)2

+

(

mt→Wb,rec − mt

σt→Wb

)2

+

(

mt→Zq,rec − mt

σt→Zq

)2

, (1)

and select the permutation with the smallest χ2. We
scale the measured four-momenta of the W and Z boson
daughter particles such that the boson masses are fixed
to the world average values [14] and use the scaled four-

momenta to calculate the two top quark masses. The
widths used are given by the standard deviations of the
reconstructed masses measured in the MC simulation of
FCNC events. Using the correct pairing of jets to par-
tons, we extract σW = 15 GeV/c2, σt→Wb = 24 GeV/c2,
and σt→Zq = 21 GeV/c2. We expect FCNC signal events
to populate the low χ2 region and background events to
result in higher χ2, see Fig. 1. We have verified that the
components of Eq. (1) describe the data well in events
with a Z boson and three jets.

Since the FCNC signal events originate from tt̄ de-
cays, they contain more central Z bosons and jets than
background events. To exploit this, we use the trans-
verse mass of the Z and the four leading jets, defined

as mT =
√

(
∑

ET )2 − (
∑

&pT )2, as a selection criterion.
We also apply a tiered cut on the ET of the four lead-
ing jets, as FCNC signal events contain jets with higher
transverse momenta than SM background events.

We optimized these additional selection criteria for the
best expected limit on B(t → Zq) in the absence of a sig-
nal, using the MC simulation and a signal-depleted con-
trol region in the data (

√

χ2 > 3). The optimization
was performed in the blind phase of a counting experi-
ment analysis using the first 1.1 fb−1 of integrated lumi-
nosity [15]. We leave the optimized selection unchanged
for the full 1.9 fb−1 result; it requires transverse mass
mT ≥ 200 GeV/c2, leading jet ET ≥ 40 GeV, second jet
ET ≥ 30 GeV, third jet ET ≥ 20 GeV, and fourth jet
ET ≥ 15 GeV. After optimization, 88% of the FCNC sig-
nal events from the base selection fall into the two signal
regions, compared to 33% of the background events. The
inclusive signal acceptances for the decay tt̄ → Wb Zc
(tt̄ → Zc Zc) are 0.43% (0.58%) for the b-tagged selec-
tion, 0.34% (0.86%) for the non-b-tagged selection, and
0.10% (0.16%) for the control region.

To determine the FCNC branching fraction, we take
into account single or double FCNC decays of tt̄ pairs
and normalize to the event yield of a selection for the SM
decay tt̄ → Wb Wb → $νb qq̄′b (“lepton+jets”) requiring
at least two jets to be secondary vertex b-tagged [16]. In
1.9 fb−1 we observe 277 tt̄ candidate events, consistent
with a production cross section of 8.8 ± 0.7 (stat.) pb
assuming B(t → Wb) = 100%. If t → Zq decays were
present, these additional tt̄ decays are less likely to be re-
constructed in the lepton+jets mode, resulting in a mea-
sured tt̄ production cross section smaller than the actual
cross section. We correct for this effect by modifying
the measured cross section based on the limit we set on
B(t → Zq).

We extract a limit on the branching fraction B(t → Zq)
from a fit to the mass χ2 distribution using templates
constructed from the MC simulated mass χ2 distributions
of the FCNC signal and the SM backgrounds (Z+jets,
SM tt̄, and dibosons). The normalization of the dominant
Z+jets background is the most difficult to estimate from
data and MC simulations; therefore it is extracted from
the fit. The SM tt̄ background is normalized to the ob-
served event yield in the lepton+jets decay mode; back-

Use PYTHA to simulate FCNC
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mass resolution).

All leptons used in this analysis are required to be well
isolated in a cone of ∆R =

√

(∆η)2 + (∆φ)2 < 0.4 [8]
and to have transverse energies ET (momenta pT ) greater
than 20 GeV (20 GeV/c). Electrons are identified by re-
quiring an energy cluster in the EM calorimeter with a
single track pointing to it. Central electrons are required
to have a high quality COT-based track, calorimeter clus-
ter ET consistent with the track pT , a high fraction of
the total energy deposition in the EM calorimeter, and
a lateral shower profile consistent with electron show-
ers. Forward electrons are reconstructed in the end-plug
calorimeter and have similar constraints except that the
tracks are reconstructed only in the silicon detector and
the calorimeter cluster ET and track pT are not com-
pared. Muons are identified by matching tracks recon-
structed in the COT to track segments reconstructed
in the muon chambers and by requiring energy deposi-
tions in the calorimeters consistent with minimum ion-
izing particles. The muons in this analysis are required
to be in the central region (|η| < 1.0). We double the
acceptance for leptonic Z decays by allowing one of the
two lepton candidates to satisfy weaker selection criteria,
requiring only an isolated track which passes COT and
silicon detector track quality cuts. For tracks used as
electrons, if an EM calorimeter tower is associated to the
track and the energy of the EM tower is greater than the
track momentum, the EM tower energy is used instead
of the track momentum.

Jets are identified by energy deposited in the calorime-
ters within a cone of ∆R < 0.4. To improve the parton
energy estimate, jets are corrected for instrumental ef-
fects [13]. We select events with at least four jets with
corrected ET > 15 GeV and |η| < 2.4.

We separate the FCNC signal from the MC back-
ground with the help of further selection criteria in ad-
dition to the above base selection that will form the op-
timized selection, a mass χ2, the transverse mass of the
system, and the ET of the four leading (highest ET ) jets.

The decay tt̄ → Wb Zq → qq̄′b $$q′′ contains no high-
energy neutrinos; therefore we can fully reconstruct the
event kinematics. The four jets in signal events result
from the b quark and the decay products of the W in
the t → Wb decay, and the c or u quark from the t → Zq
decay. We form all permutations of the four leading jets
in the events to compare the reconstructed masses (mrec)
of the W , top quark decaying to Wb, and top quark
decaying to Zq. We define a mass χ2 as
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and select the permutation with the smallest χ2. We
scale the measured four-momenta of the W and Z boson
daughter particles such that the boson masses are fixed
to the world average values [14] and use the scaled four-

momenta to calculate the two top quark masses. The
widths used are given by the standard deviations of the
reconstructed masses measured in the MC simulation of
FCNC events. Using the correct pairing of jets to par-
tons, we extract σW = 15 GeV/c2, σt→Wb = 24 GeV/c2,
and σt→Zq = 21 GeV/c2. We expect FCNC signal events
to populate the low χ2 region and background events to
result in higher χ2, see Fig. 1. We have verified that the
components of Eq. (1) describe the data well in events
with a Z boson and three jets.

Since the FCNC signal events originate from tt̄ de-
cays, they contain more central Z bosons and jets than
background events. To exploit this, we use the trans-
verse mass of the Z and the four leading jets, defined

as mT =
√

(
∑

ET )2 − (
∑

&pT )2, as a selection criterion.
We also apply a tiered cut on the ET of the four lead-
ing jets, as FCNC signal events contain jets with higher
transverse momenta than SM background events.

We optimized these additional selection criteria for the
best expected limit on B(t → Zq) in the absence of a sig-
nal, using the MC simulation and a signal-depleted con-
trol region in the data (

√

χ2 > 3). The optimization
was performed in the blind phase of a counting experi-
ment analysis using the first 1.1 fb−1 of integrated lumi-
nosity [15]. We leave the optimized selection unchanged
for the full 1.9 fb−1 result; it requires transverse mass
mT ≥ 200 GeV/c2, leading jet ET ≥ 40 GeV, second jet
ET ≥ 30 GeV, third jet ET ≥ 20 GeV, and fourth jet
ET ≥ 15 GeV. After optimization, 88% of the FCNC sig-
nal events from the base selection fall into the two signal
regions, compared to 33% of the background events. The
inclusive signal acceptances for the decay tt̄ → Wb Zc
(tt̄ → Zc Zc) are 0.43% (0.58%) for the b-tagged selec-
tion, 0.34% (0.86%) for the non-b-tagged selection, and
0.10% (0.16%) for the control region.

To determine the FCNC branching fraction, we take
into account single or double FCNC decays of tt̄ pairs
and normalize to the event yield of a selection for the SM
decay tt̄ → Wb Wb → $νb qq̄′b (“lepton+jets”) requiring
at least two jets to be secondary vertex b-tagged [16]. In
1.9 fb−1 we observe 277 tt̄ candidate events, consistent
with a production cross section of 8.8 ± 0.7 (stat.) pb
assuming B(t → Wb) = 100%. If t → Zq decays were
present, these additional tt̄ decays are less likely to be re-
constructed in the lepton+jets mode, resulting in a mea-
sured tt̄ production cross section smaller than the actual
cross section. We correct for this effect by modifying
the measured cross section based on the limit we set on
B(t → Zq).

We extract a limit on the branching fraction B(t → Zq)
from a fit to the mass χ2 distribution using templates
constructed from the MC simulated mass χ2 distributions
of the FCNC signal and the SM backgrounds (Z+jets,
SM tt̄, and dibosons). The normalization of the dominant
Z+jets background is the most difficult to estimate from
data and MC simulations; therefore it is extracted from
the fit. The SM tt̄ background is normalized to the ob-
served event yield in the lepton+jets decay mode; back-http://www-cdf.fnal.gov/physics/new/top/2008/tprop/ChargedHiggs/chiggs_pub3.pdf
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Charged Higgs
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FIG. 2: Branching ratios as a function of tan β in the MSSM. Here, Higgs mass is assumed as 120 GeV/c2 . This plot is made
using CPSUPERH [4]
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FIG. 3: A H+ is assumed to decay into cs̄ in low tan β. The final state appears same as the Standard Model tt̄ lepton+jets
channel.

• At least two of leading 4 jets should be tagged as b-jets by requiring secondary vertex (SecVtx) in the jet. The
b-quark hadron is long lived and travels a measurable distance from the pp̄ interaction vertex. Thus, it appears
as having a secondary vertex in the jet.

All jets are reconstructed using particles detected within cone size (∆R =
√

∆η2 + ∆φ2) of 0.4 and only jets
directed within detector pseudorapidity (η = − ln(tan θ/2)) less than 2.4 are considered for analysis. The θ and φ
are polar and azimuthal angles with respect to the z (beam axis), which is defined to be along the direction of the
proton. For the leading jets, |η| is required to be less than 2.0. The four leading jets are supposed to be from final
state quarks in tt̄ events, and are used to reconstruct tt̄ events in the kinematic fitter. We also allow additional jets
with ET > 12 GeV in |η| < 2.4 present in selected events. The most energetic extra jet is called as 5th jet, and it is
used later for the di-jet mass improvement for Higgs in sect. IIIA.

III. MASS RECONSTRUCTION

A tt̄ event is reconstructed from all the final state particles and jets using a kinematic fitter, Eqn. 1. The fitter
picks the most probable jet-parton assignments based on the smallest χ2 from a Minuit [8] fit. In the lepton + jets
channel, the leading 4 jets are supposed to be 2 b-jets (b-quark jets) and 2 h-jets (Higgs jets). Since we require two
SecVtx tagged jets, only non-tagged 2 jets are assigned as 2 h-jets.

Di-jet mass should 
 be different

4

The χ2 is formed as

χ2 =
∑

i=l,4jets

(pT
i,fit − pT

i,meas)2

σi
2

+
∑

j=x,y

(pj
UE,fit − pj

UE,meas)2

σUE
2

+
(Mlν − MW )2

ΓW
2

+
(Mjj − MH

reco)2

ΓH
2

+
(Mblν − Mt)2

Γt
2

+
(Mbjj − Mt)2

Γt
2

. (1)

The W+ mass in the leptonic decaying side of top, sum of lepton and neutrino 4-vector, is constrained to 80.4
GeV/c2 . The t(t̄) quark mass, the 4-vector sum of H+/W+ +b (W−/H− + b̄), is constrained to 175 GeV/c2 . The
tagged b-jets are assigned to each t(t̄) quark as to minimize the χ2.

A. Di-jet Mass Improvement

Di-jet invariant mass of H+ in top decays is compared to the W+ in the SM tt̄ events in FIG. 4. The H+ has a
significant low mass tail. We focus on that the Higgs events have one or more extra jets other than leading 4 jets with
about 50% chance in a MC study. The extra jet is mostly decayed from Higgs or incoming quarks (ISR). Once the
5th jet is a final state radiation jet from the Higgs (FSR-h jet), it is decaying very close to the leading jet assigned
to Higgs. Or the 5th jet is distributed randomly. Consequently the 5th jet is added to the closest leading jet if ∆R
between them is less than 1.0. FIG. 5 shows an improved mass distribution after adding 5th jet to the closest leading
jet. The mean of histogram in the mass window, 100GeV/c2 < MH+ < 140GeV/c2 is increased from 113.4 GeV/c2

to 115.3 GeV/c2 for true mass of 120 GeV/c2 in FIG. 5. However, di-jet masses of W+ and non-tt̄ background are
not affected by adding extra jet.
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FIG. 4: Di-jet invariant mass for the H+ ( generated mass of 120 GeV/c2 ) and W+ in SM tt̄ events. The number of events in
both samples is normalized by the area.

IV. BACKGROUNDS

We assume that the lepton+jets data sample consists of electroweak, single top, tt̄ , QCD (non-W), and W+jets
processes. In the sense of charged Higgs search, the biggest background is the SM tt̄ events in the lepton+jets channel,
which takes about 92% of all the backgrounds. Considering that both of W+ and H+ belongs to the tt̄ events, we
will concentrate on the non-tt̄ background in this section.

The non-tt̄ backgrounds are estimated in two ways, data-driven background and MC-driven background. The SM
predicted backgrounds are theoretically is very well-proven, so we can estimate the shape and cross-section from
MC. The MC-based backgrounds are di-boson, Z to ττ + multi-jets, and s-channel/t-channel single top processes.
On the other hand, simulation is not perfectly matched to the multi-jet processes in data, therefore the background
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The W+ mass in the leptonic decaying side of top, sum of lepton and neutrino 4-vector, is constrained to 80.4
GeV/c2 . The t(t̄) quark mass, the 4-vector sum of H+/W+ +b (W−/H− + b̄), is constrained to 175 GeV/c2 . The
tagged b-jets are assigned to each t(t̄) quark as to minimize the χ2.

A. Di-jet Mass Improvement

Di-jet invariant mass of H+ in top decays is compared to the W+ in the SM tt̄ events in FIG. 4. The H+ has a
significant low mass tail. We focus on that the Higgs events have one or more extra jets other than leading 4 jets with
about 50% chance in a MC study. The extra jet is mostly decayed from Higgs or incoming quarks (ISR). Once the
5th jet is a final state radiation jet from the Higgs (FSR-h jet), it is decaying very close to the leading jet assigned
to Higgs. Or the 5th jet is distributed randomly. Consequently the 5th jet is added to the closest leading jet if ∆R
between them is less than 1.0. FIG. 5 shows an improved mass distribution after adding 5th jet to the closest leading
jet. The mean of histogram in the mass window, 100GeV/c2 < MH+ < 140GeV/c2 is increased from 113.4 GeV/c2

to 115.3 GeV/c2 for true mass of 120 GeV/c2 in FIG. 5. However, di-jet masses of W+ and non-tt̄ background are
not affected by adding extra jet.
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both samples is normalized by the area.
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FIG. 5: Improved di-jet mass resolution adding a nearby extra jet to a closest leading jet.

normalization of those backgrounds rely heavily on data. In the case of multi-jet productions assiciated with a real
W+ (W+jets background), it can fake a signal with missing ET and lepton from real W+ , and multiple jets. This
W+jets background is a dominant non-tt̄ background. Other than W+jets background, there exist multi-jet events
with faked W+ (conversion electron or semi-leptonic B decays), non-W background. A large uncertainty is assigned
to this least understood non-W background.

First, the well-estimated MC-driven background including SM tt̄ events are subtracted from lepton+jets data.
Then, we estimate non-W background by fitting the missing ET with electron-like objects which fail the final electron
selection cuts. From the missing ET fit, we can estimate the fracton of non-W background out of selected sample.
Now the data remained after subtracting non-W background is considered only W+jets backgdound. In the tagged
sample, W+jets is broken into W+heavy flavored jets or W+light flavored jets. For the prior, we select SecVtx tagged
events and then apply a data-corrected heavy flavor fraction and a SecVtx tagging efficiency. Then, we isolate the
number of W+light flavored jets sample. To estimate the light-flavor contribution to the SecVtx tagging, we apply
the parameterized generic jet tag rate (mistags), which is driven from data, to the jets before SecVtx tagging required.

In this manner, the number of backgrounds are estimated using cross-section of 6.7 pb for tt̄ events as in TABLE. I.

Process ≥ 4 tight jets fraction(%)
di-boson(WW/ZZ/WZ) 0.7 ± 0.1 0.4

s-channel single Top 1.0 ± 0.1 0.5
t-channel single Top 0.8 ± 0.1 0.5

Z+lf 0.5 ± 0.1 0.3
W+bb 5.6 ± 2.3 3.4

W+cc/W+c 1.9 ± 0.8 1.1
W+lf 1.9 ± 0.6 1.1
non-W 1.6 ± 3.3 0.9
non-tt̄ 13.9 ± 7.5 8.4

tt̄ (6.7pb) 152.6 ± 25.0 91.6
Total Prediction 166.5 ± 32.4 100

Observed 200

TABLE I: Expected number background events in 2.2 fb−1 data after two b-jets are required. In the background calculation,
tt̄ production cross-section is assumed 6.7 pb.

V. LIKELIHOOD FIT

This section describes how to extract Br(t → H+ b) from di-jet mass in top decays. Using templates, we know how
probable H+ ,W+ , and non-tt̄ backgrounds would exist in each bin. In the following sub sections, we will describe the

25
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FIG. 8: Likelihood function before (red) and after (black) marginalization. According to the likelihood shape changes, the
upper limit on the br(t → H+b) at 95% C.L. also increases from red arrow to black arrow.

VI. RESULTS

We use 2.2 fb−1 data to search for a charged Higgs decaying into di-jet in tt̄ lepton+jets decays. The di-jet mass
distrbution in the selected tt̄ events is validated with prior MC distribution in the FIG. 9, where the MC normalization
is done by likelihood fit (sect. V) forcing Br(t → H+ B) to be 0. This is a promissing search if tanβ, one of MSSM
parameter, is small around unity and the H+ mass is not so heavy (≤ 130 GeV/c2 ) [9]. We have no significant access
of charged Higgs in top decays of 2.2 fb−1. Hence we set the upper limit on the branching ratio using the data fit for
H+ mass of 90 GeV/c2 to 150 GeV/c2 , and the results agree very well with the SM expection in FIG. 10.
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FIG. 9: Di-jet mass in top decays in 2.2 fb−1 data validated with the background distribution. The 120 GeV/c2 Higgs events
with br(t → H+ b) = 0.1, corresponding to the upper limit branching ratio at 95% C.L., are compared in the plot.
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Methods of Mass Measurement

• Calibrate method w/pseudoexperiments

– Fit mass estimators for ttbar and BG

– calibrate fitted mt vs. true mt

• Jet calibration dominates mt

measurement

– But, top offers W!jj resonance in
all-jets and l+jets channels

– Simultaneously fit mt and jet energy
scale (JES)

• World avg. now systematics dominated

! common consensus on definitions
and combinations

CDF-ljets ME

MC calibration

Template statistics
(template)*

Method

Residual JES (6j, l+jets)*

JES*

b/light quark JES*
B-tag efficiency

Jet energy resolution

Detector
modeling

FSR/ISR

Hadronization/underlying
events*

Background model*
Multiple interactions

PDFs

Color reconnection*

Physics
modeling

Source (examples):Systematic
Category

*currently >= 0.5 GeV
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All-hadronic Channel

• Events selected, 2.9 fb-1

– Neural-network
– Jet shapes discriminate quark and gluon

jets: 25% improvement!
• Compare reconstructed W and top masses

with MC expectation

– Try different jet assignments
– Use W!jj constraint to extract jet

energy scale! 
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All-jets Mass

• Reconstructed W and top

– Fit shapes from ttbar and BG

• Largest systematic uncertainties

– Residual bias, residual JES, color
reconnection

! 

m
t
=174.8 ± 2.4(stat + JES)"1.0

+1.2(syst) GeV

#JES = -0.30 ± 0.47(stat + m
t
)"0.37

+0.34 (syst)
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